Introduction
============

Bone is a highly specialized tissue comprising a network of extracellular matrix components ([@b1-mmr-13-01-0181],[@b2-mmr-13-01-0181]). Bone exhibits a poor capacity for self-repair; therefore, even small defects may require surgery ([@b3-mmr-13-01-0181]). Tissue engineering approaches using autologous cells and various scaffolds are becoming a promising alternative to conventional surgery. A combinatorial approach for treating large bone defects includes seeding cells, growth factors and biomaterials used in bone tissue engineering, which can enhance the success of cell therapy ([@b4-mmr-13-01-0181]--[@b7-mmr-13-01-0181]). Several scaffolds fabricated from natural or synthetic biomaterials have been suggested for use in bone tissue engineering. Selection of an appropriate biomaterial is important, as the behaviors and fates of cells are markedly affected by the structure and components of the biomaterial ([@b8-mmr-13-01-0181]).

Growth factors have been shown to be critical in the induction and maintenance of osteoblast cell phenotype, and are active in the regulation of cell proliferation and differentiation in bone tissue engineering ([@b9-mmr-13-01-0181]). Transforming growth factor-β1 (TGF-β) is the most abundant cytokine in bone and, due to its abundance (200 mg/kg), it may be central in bone turnover ([@b10-mmr-13-01-0181]). TGF-β1 is critical in bone formation, mineral storage and hematopoietic cell generation. Of the TGF-β superfamily, TGF-β1 exhibits the most marked chemotactic effect towards human osteoblasts, and application of this cytokine in a dog model was observed to enhance mechanical fixation, bone ingrowth and gap bone formation in the presence of unloaded implants surrounded by a gap ([@b11-mmr-13-01-0181]); an effect, which was pronounced with low concentrations of TGF-β1, but not with higher concentrations ([@b12-mmr-13-01-0181]). TGF-β1 has been widely used to promote the osteogenesis of bone marrow stromal cells in a variety of *in vitro* culture systems, by supplying it in the medium continuously for \>4 weeks ([@b13-mmr-13-01-0181]--[@b15-mmr-13-01-0181]). Arious technologies have been engineered with the aim of local delivery and controlled release of an appropriate concentration of these growth factors *in vitro* ([@b16-mmr-13-01-0181]--[@b22-mmr-13-01-0181]). Therefore, the controlled administration of TGF-β1 may represent an emerging tissue engineering technology, which may modulate cellular responses to encourage bone regeneration of skeletal defects ([@b23-mmr-13-01-0181],[@b24-mmr-13-01-0181]).

Osteoblasts are mononucleated cells, which are responsible for bone formation. They arise from osteoblastic precursors located in the deeper layer of periosteum and the bone marrow, and produce a matrix of osteoid, which is composed predominantly of type I collagen ([@b25-mmr-13-01-0181]). TGF-β1 has a variety of widely recognized roles in bone formation. For example, TGF-β1 enhances osteoblast proliferation ([@b26-mmr-13-01-0181]), and it also enhances the production of extracellular bone matrix protein by osteoblasts in the early stages of osteoblast differentiation ([@b27-mmr-13-01-0181]).

The silk fibroin-chitosan (SF-CS) scaffold has been recognized as a suitable material for applications in orthopedics and maxillofacial surgery due to it being biodegradable, biocompatible and exhibiting osteoconductive properties ([@b28-mmr-13-01-0181]--[@b30-mmr-13-01-0181]). In our previous study, SF and CS were combined into a three dimensional (3D) scaffold to provide unique chemical, structural and mechanical properties, for utilization in bone tissue engineering and regenerative applications. The investigation found that the most appropriate proportion of CS and SF was 5:5 for bone tissue engineering ([@b31-mmr-13-01-0181]).

In the present study, TGF-β1 was introduced into the SF-CS scaffold to reconstruct a 3D scaffold for the first time, to the best of our knowledge. The subsequent aim was to examine the application and biocompatibility of the TGF-β1-SF-CS 3D scaffolds in meeting the requirements of bone tissue engineering scaffolds. The effect of the TGF-β1-SF-CS composite scaffolds on hFOB1.19 osteoblast cell morphology, differentiation and function remain to be elucidated, and have not been investigated previously. TGF-β1 was used in the present study to evaluate the suitability of the SF-CS scaffolds as matrices, using hFOB1.19 osteoblast cells. The cellular activity, viability, and biochemistry were analyzed for bone tissue engineering. The critical effects of the materials in morphogenesis were analyzed from the *in vitro* response to identify the clinical relevance of the SF-CS scaffold.

Materials and methods
=====================

Materials
---------

Raw silk was purchased from Silk Co., Ltd. (Nanchong, Sichuan, China). Chitosan was purchased from Tongxing Company (Jiangsu, China). TGF-β1 (100 ng/bottle) was purchased from ProSpec-Tany TechnoGene, Ltd. (Rehovot, Israel). hFOB1.19 osteoblast cells were purchased from BioHermes Co., Ltd. (Shanghai, China). NaHCO~3~, CaCl~2~ and ethanol were purchased from Nanjing Jiancheng Bioengineering Institute, (Nanjing, China). All other chemicals and reagents were of analytical grade, unless specified otherwise.

Preparation of the TGF-β1-SF-CS and SF-CS scaffolds
---------------------------------------------------

The *Bombyx mori* silk fibers were treated twice with 0.5% (w/w) NaHCO~3~ solution at 100°C for 30 min, and were then rinsed with 70°C distilled water to remove the sericin for 30 min, followed by drying at 37°C. The degummed silk was dissolved in a solvent mixture of CaCl~2~ (44.4 g)/CH~3~CH~2~OH (46 ml)/H~2~O (57.5 ml) with a molar ratio of 1:2:8, at 70°C for 6 h, and was filtered to obtain the SF solution. Following dialysis in cellulose dialysis tubing (molecular weight cut-off; MWCO=50,000; Nanjing Jiancheng Biotechnology Institute, Nanjing, China) against distilled water for 3 days, with the water replaced every 12 h. The final concentration of SF used was 8%.

The CS solutions were prepared by dissolving high molecular-weight CS (82.7% deacetylation; Tongxing Company) at 3.66% (w/v) in 2% acetic acid (Nanjing Jiancheng Biotechnology Institute). The final concentration of CS used was 2%.

TGF-β1 solution was prepared by dissolving 100 ng TGF-β1 in 1 ml deionized sterile water (100 ng/ml).

The SF/CS blend solution (100 ml) with a SF/CS weight ratio of 5:5, was prepared in the same solvent at 10 wt% (combined weight of CS and SF). Following dialysis in cellulose dialysis tubing (MWCO=50,000) against distilled water for 3 days, with water replaced every 12 h, the CS and SF solution was obtained. Subsequently,1 ml TGF-β1 solution was added and stirred in a magnetic stirrer (JB-2A; Bante Instruments Limited, Shanghai, China) for 50 min. The mixture of CS, SF and TGF-β1 was then added into a 24-hole teflon culture plate. The CS, SF and TGF-β1 solution was then lyophilized (VFD-2000; Boyikang Laboratory Instruments Co., Ltd., Beijing, China) to obtain the TGF-β1-SF-CS scaffold. The SF-CS scaffolds were prepared using the same method.

To improve water stability, the dry TGF-β1-SF-CS and SF-CS scaffolds were treated in methanol solution (concentration \<10%) for 2 h to crystallize the SF content and neutralize the CS content. The TGF-β1-SF-CS and SF-CS scaffolds were then lyophilized to remove the excess methanol.

hFOB1.19 osteoblast cell culture
--------------------------------

The hFOB1.19 osteoblast cells, supplied by BioHermes, were cultured in DMEM/F12 medium supplemented with 10% fetal bovine serum (ProSpec-Tany TechnoGene, Ltd.), 200 mM/l glutamine, 2 mg/ml sodium bicarbonate and 100 mg/ml penicillin/streptomycin (ProSpec-Tany TechnoGene, Ltd.). The cells were cultured in 25 cm^2^ flasks at 37°C in a humidified atmosphere of 5% CO~2~. Confluent monolayers were split by treatment with phosphate-buffered saline (PBS) and 0.05% trypsin/EDTA solution (Nanjing Jiancheng Biotechnology Institute), and the culture medium was replaced every 2 days.

The samples were sterilized with 75% alcohol under ultraviolet light overnight, and were then rinsed extensively three times with sterile PBS. Prior to cell culture, the scaffolds were pre-soaked by immersion in DMEM for 12 h in the 37°C incubator.

The hFOB1.19 osteoblast cells were cultured onto the TGF-β1-SF-CS scaffolds, SF-CS scaffolds and 24-well tissue culture plate wells as a control group (n=3; diameter 15 mm; height 13 mm) for 3 and 6 days at 37°C under an atmosphere of 5% CO~2~ and 95% air, with an original cell culture density of 4,000 cells/well.

Cell morphology
---------------

The morphological features of the osteoblast cells on the TGF-β1-SF-CS scaffold and SF-CS scaffold were observed on days 1, 3 and 7 of culture using a scanning electron microscope (SEM; TM3000; Hitachi, Ltd., Tokyo, Japan). The samples were washed with PBS and fixed with 3.0% glutaraldehyde (Nanjing Jiancheng Biotechnology Institute) at 4°C for 4 h. Subsequently, the samples were dehydrated through a series of graded ethanol solutions (30, 50, 70, 80, 90, 95 and 100%), air-dried overnight, and sputtered with gold for SEM observation. Adherent cell morphology, patterns of cellular adherence with respect to structural features of the TGF-β1-SF-CS scaffold and SF-CS scaffold, cell-cell interactions, and adherent cell density were assessed.

Adhesion of cells
-----------------

The cells, which had adhered to the TGF-β1-SF-CS scaffold, SF-CS scaffold and control group were harvested, and the concentration was adjusted to 1×10^4^/ml. The cells were placed in cell culture plates, which were pre-coated with the TGF-β1-SF-CS scaffold and SF-CS scaffold (1 ml per well). Cells cultured in culture plates with no scaffold served as controls. A total of six parallel wells were used for each group. The cells were cultured in an incubator at 37°C with 5% CO~2~. The numbers of non-adhered cells were quantified at 1, 2, 4, 8 and 24 h.

The cell adhesion rate was calculated according to the following formula: Adhesion rate (%) = (number of seeded cells - non-adhered cells) / number of seeded cells × 100.

Cell Counting Kit-8 (CCK-8) assay
---------------------------------

In order to examine the survival of the grafted cells, the cell viability and proliferation rates were determined using a CCK-8 assay (Nanjing Jiancheng Biotechnology Institute). Briefly, following culture of the samples for 1, 3, 5 and 7 days, the culture medium was replaced with serum-free culture medium containing CCK-8 (0.5 mg/ml). Following culture for 4 h, the samples were transferred onto a 96-well plate. The absorbance was measured at 450 nm using an ELISA reader (Bio-Rad 550 Bio-Rad Laboratories, Inc., Hercules, CA, USA).

Alkaline phosphatase (ALP) activity
-----------------------------------

The activities of intracellular ALP in the scaffolds and control group were measured using an ALP assay kit (Nanjing Jiancheng Bioengineering Institute). Briefly, the samples were cultured 1, 4, 7 and 10 days, and then washed with PBS three times. The cells in the samples and control were then immersed in 500 *µ*l of cell lysis solution containing 0.1% Triton X-100 (Nanjing Jiancheng Biotechnology Institute) and 5 mM MgCl~2~ (Nanjing Jiancheng Biotechnology Institute) at room temperature overnight. The whole solution was transferred into a tube and centrifuged at 28,340 × g for 10 min at 4°C. ALP activity was measured by mixing 50 *µ*l of supernatant with 50 *µ*l p-nitrophenyl phosphate (5 mM) in 150 mM 2-amino-2-methyl-1-propanol buffer solution at room temperature for 30 min in the dark. Following the incubation period, the reaction was terminated by adding 50 *µ*l of 0.2 N NaOH to denature the ALP. The optical density (OD) was then measured at 520 nm using an ELISA reader (Bio-Rad Model 550; Bio-Rad Laboratories, Inc.).

Statistical analysis
--------------------

All quantitative data are expressed as the mean ± standard deviation. Statistical analyses were performed using the statistical program, SPSS 17 (SPSS, Inc., Chicago, IL, USA). The results were analyzed using one-way analysis of variance (ANOVA) with Student\'s *t*-test. P\<0.05 were considered to indicate a statistically significant difference. Prior to results being analyzed using one-way ANOVA, all quantitative data were confirmed as normally distributed.

Results
=======

Cell morphology
---------------

Cell morphology was examined using a light-inverted microscope (CKX41; Olympus Corporation, Tokyo, Japan) ([Fig. 1](#f1-mmr-13-01-0181){ref-type="fig"}), in which the hFOB1.19 osteoblast cells demonstrated a high rate of survival and rapid proliferation.

In the primary cells, the hFOB1.19 osteoblast cells exhibited a round morphology. After 12 h, the hFOB1.19 cells were sparsely attached to the culture flasks, and exhibited a fibroblast-like, spindle-shaped morphology. As the cell number increased and the cells continued to grow, a substantial number of cells on day 3 had adhered to the surface of the culture flask, and the majority of the cells had become large and flattened, with a polygonal or triangular shape. After 6 days of culture, the cells showed adequate growth and exhibited active proliferation. A higher density was observed in the primary and transformed cells, which did not change throughout the different passages. The osteoblast cells had become well-formed mineral nodules at day 18 ([Fig. 1](#f1-mmr-13-01-0181){ref-type="fig"}).

Adhesion rate of the hFOB1.19 osteoblast cells is not altered by TGF-β1
-----------------------------------------------------------------------

Following culture for 1, 3 and 6 h, cell adhesion rate increased with increasing duration in the three groups. The adhesion rates in the TGF-β1-SF-CS group and SF-CS group were higher, compared with that in the control group (P\<0.01; [Fig. 2](#f2-mmr-13-01-0181){ref-type="fig"}). After 1 h, the adhesion rate of the major populations of cells in the SF-CS scaffolds were almost the same as those in the TGF-β1-SF-CS scaffolds, with no significant differences between the scaffold groups (P\>0.05). The rapid time-course of osteoblast cell adhesion to the SF-CS and TGF-β1-SF-CS scaffolds was significant, exhibiting 29% adhesion by 60 min post-seeding. After 3 and 6 h, there were significant increases in the numbers of adherent cells, compared with the numbers after 1 h ([Fig. 2](#f2-mmr-13-01-0181){ref-type="fig"}). The adhesion rates in the TGF-β1-SF-CS scaffold and SF-CS scaffold groups were significantly higher, compared with that in the control group (P\<0.01), however, there remained no significant differences between the two scaffold groups (P\>0.05). These results confirmed that the SF-CS scaffold increased the adhesion of the osteoblasts cells. The results also revealed that TGF-β1 did not promote hFOB1.19 osteoblast cell adhesion in the SF-CS scaffolds.

SEM images of hFOB1.19 cells cultured with the TGF-β-SF-CS scaffolds indicate biocompaitibilty
----------------------------------------------------------------------------------------------

The SEM images showed randomly distributed cells on the surface and inside the TGF-β1-SF-CS scaffold and SF-CS scaffold.

On examining the growth of cells on the scaffold at 1 day, scattered round cells had adhered to the scaffold and a large number of particles were observed on the cell surface. Cell microfilaments were connected with the scaffold material ([Fig. 3A](#f3-mmr-13-01-0181){ref-type="fig"}).

After 3 days, a large number of the cells had adhered to the surface and pores of the scaffold. The cell aggregates had become enlarged and actively proliferating. The SEM results showed that the single round cells had become polygonal or triangular in shape. Granular and filiform substances were observed around the cells, and cell microfilaments and pseudopodia were tightly connected to the scaffold ([Fig. 3B](#f3-mmr-13-01-0181){ref-type="fig"}).

After 7 days, an increased number of cells had adhered to the surface and pores of the scaffold, compared with the number at 3 days, and the cells had grown and proliferated well. The cells exhibited a typical osteoblast cell morphology, and adhered tightly on the scaffold surface or inside via the formation of lamellipodia and filopodia, indicative of cell spreading. A number of cells present were observe to extend towards other cells in the culture. The cells were well attached to the TGF-β1-SF-CS scaffolds and appeared to have spread. The majority of the cells had collected together to form cellular aggregations, which is crucial for the viability and function of hFOB1.19 cells *in vitro*. The SF-CS scaffolds showed fewer or more sparse attachment of cells, compared with the TGF-β1-SF-CS scaffolds ([Fig. 3C](#f3-mmr-13-01-0181){ref-type="fig"}).

TGF-β1 promotes the proliferation of hFOB1.19 cells
---------------------------------------------------

The proliferation rats of the hFOB1.19 cells on the VEGF-SF-CS scaffolds, SF-CS scaffolds and control group cultured for 1, 3, 5 and 7 days were compared using a CCK-8 assay. The absorbance values for the TGF-β1-SF-CS scaffolds and SF-CS scaffolds gradually increased, indicating significant cell growth within the two scaffolds ([Fig. 4](#f4-mmr-13-01-0181){ref-type="fig"}). The hFOB1.19 cells cultured without scaffolds showed similar results. The number of cells increased with culture duration in all three groups. hFOB1.19 cell proliferation was observed in the TGF-β1-SF-CS scaffolds and SF-CS scaffolds, and there were no significant differences between these groups and the cells cultured in the control group after 1 day (P\>0.05). However, after 3 days, the numbers of hFOB1.19 cells cultured in the TGF-β1-SF-CS scaffolds were higher than thoses cultured in the SF-CS scaffolds, and the numbers of hFOB1.19 cells cultured in the two scaffold groups were significantly higher, compared with the number of cells cultured without scaffolds (P\<0.05).

TGF-β1 promotes the activity of ALP in hFOB1.19 cells
-----------------------------------------------------

The ALP activity of the hFOB1.19 cells cultured in the TGF-β1-SF-CS scaffolds, SF-CS scaffolds and control group are shown in [Fig. 5](#f5-mmr-13-01-0181){ref-type="fig"}. In the measurements of total ALP activity during the culture period between days 1 and 4, no significant difference in OD values were identified between the TGF-β1-SF-CS, SF-CS and control groups (P\>0.05). However, between days 4 and 10, significant differences in the OD values were found between the scaffold groups and the control group (P\<0.01). The OD values in the TGF-β1-SF-CS groups were the highest. This suggested that TGF-β1 had an effect on the activity of the hFOB1.19 cells. As the duration of culture increased between days 4 and 10, the growth trend of the OD values in three groups increased rapidly, and the OD values peaked after 10 days.

Discussion
==========

The development of biomimetic scaffolds to enhance bone-formation has largely focused on altering the chemical composition of scaffolds. Therefore, the present study combined SF-CS scaffolds with the TGF-β1 growth factor, in order to promote bone-formation. The results of the present study demonstrated that the SF-CS scaffolds provided a suitable environment for osteoblast cell proliferation and differentiation in the presence of TGF-β1 *in vitro*.

The response of cells to TGF-β1 varies depending on the dose, length of exposure and target tissue ([@b32-mmr-13-01-0181]). A prolonged exposure and high dose of TGF-β1 may result in pathological conditions, including extensive fibrosis, hypertrophic scarring and the formation of osteophytes ([@b32-mmr-13-01-0181],[@b33-mmr-13-01-0181]). An engineered system capable of inducing cell-mediated TGF-β1 activation can begin to address these problems through bone tissue engineering. The novel strategy investigated in the present study aimed to incorporate TGF-β1 onto an SF-CS scaffold and allow osteoblast cells to sense and activate TGF-β1, as required.

When fabricating the TGF-β1-SF-CS scaffold for bone tissue engineering, it is critical to maintain the bioactivity of TGF-β1 as, during the course of manufacture, TGF-β1 bioactivity is most likely to be destroyed in lyophilization and methanol crosslinking. In lyophilization, the use of a cryoprotector may reduce or even prevent the effects of stress on the activity of the protein ([@b34-mmr-13-01-0181]). Silk protein and chitosan can be used as cryoprotectors to maintain the activity of TGF-β1 ([@b35-mmr-13-01-0181],[@b36-mmr-13-01-0181]). Klibanov ([@b37-mmr-13-01-0181]) reported that the conformation of proteins treated with low concentration methanol remain unchanged, and the covalent structure of the protein molecule is not destroyed. In the present study, the following measures were taking in constructing the TGF-β1-SF-CS scaffold to prevent the TGF-β1 bioactivity from being destroyed: (i) Lyophilization temperature was set at −40°C, and silk and chitosan were used as cryoprotectors to further maintain TGF-β1 activity; (ii) methanol concentration was \<10%. Through ALP and CCK-8 assays, it was evident that no significant degradation of TGF-β1 bioactivity had occurred.

In the present study, the SF-CS scaffold was manufactured in aqueous solution to incorporate the active TGF-β1 molecule without damaging TGF-β1 activity. Mandal and Kundu ([@b38-mmr-13-01-0181]) utilized lyophilization to prepare a 3D silk fibroin scaffold in bovine serum albumin, and then examined its *in vitro* release and performance. The results of the ALP and CCK-8 assays in the present study result revealed that, in the TGF-β1-SF-CS scaffold, TGF-β1 was evenly and continuously released within a certain period.

In the present study, osteoblast cell morphology was investigated using SEM to further evaluate the biocompatibility of the SF-CS and TGF-β1-SF-CS scaffolds. The seeding of hFOB1.19 on TGF-β1-SF-CS scaffolds up to 7 days resulted in polygonal or triangular cell morphologies, similar to what is typically observed in standard cell culture flasks. These observations confirmed cell survival and proliferation on the TGF-β1-SF-CS scaffolds, assuring its biocompatibility. The evidence of cell-cell interactions and cell spreading are considered to be signs of healthy cells and indicative of a non-cytotoxic response of the cells on TGF-β1-SF-CS scaffolds ([@b39-mmr-13-01-0181],[@b40-mmr-13-01-0181]).

The time course of the adhesion of osteoblast cells to the SF-CS and TGF-β1-SF-CS scaffolds clearly demonstrated that adhesion of the hFOB1.19 to the SF-CS and TGF-β1-SF-CS scaffolds occurred within minutes. The rapid time-course of osteoblast cell adhesion to the SF-CS and TGF-β1-SF-CS scaffolds was significant, exhibiting 29% adhesion by 60 min post-seeding. The adhesion rate of the hFOB1.19 cells in the TGF-β1-SF-CS group and SF-CS group significantly exceeded those in the control group (P\<0.05), although no statistically significant differences (P\>0.05) were observed between the SF-CS and TGF-β1-SF-CS scaffold groups. Previous studies have indicated that SF-CS scaffolds increase the adhesion and growth of osteoblast cells. The observations in the present study achieved the primary objective in determining whether SF-CS scaffolds have the potential to establish an adhesive interface with osteoblast cells *in vitro*. The results also confirmed that TGF-β1 was unable to promote the adhesion of hFOB1.19 osteoblast cells to the SF-CS scaffolds.

The levels of cell growth and proliferation on the scaffolds and control group were assessed in the present study using CCK-8 and ALP assays *in vitro*. It was observed that the absor-bance index of the assessed groups increased with the increase in culture duration. After 1 day, no statistically significant differences (P\>0.05) were observed in cell activity among the three groups. The activities of the hFOB1.19 cells cultured on the TGF-β1-SF-CS and SF-CS scaffolds were higher than that of the cells cultured in the control group after 3 days in culture, which suggested that the scaffolds were beneficial to cell development. The number of osteoblast cells on the TGF-β1-SF-CS scaffolds were significantly higher, compared with those on the SF-CS scaffolds. These results indicated that TGF-β1 significantly promoted the attachment and proliferation of the osteoblast cells. The results of the present study also support evidence from *in vitro* experiments that TGF-β1 may regulate bone formation through a direct effect on osteoblasts. It has been reported that human TGF-β1 binds to osteoblasts in culture, and is capable of inducing migration and alkaline phosphatase activity ([@b41-mmr-13-01-0181]). The results of the present study indicated differences in the activities of the osteoblast cells in the different scaffold groups. The reason for the differences in the production of extracellular matrices in the different scaffolds may be due to the differences in the chemical compositions of the matrices.

The enhancement of osteoblast cell proliferation and activity by TGF-β1 was time-dependent. TGF-β1 did not significantly promote the activity or proliferation of osteoblast cells during the first 3 days of culture, however, it had a marked effect when cultured between days 3 and 10, demonstrating that the effect of TGF-β1, which promotes the activity and proliferation of osteoblast cells, was time-dependent. These results indicated that the TGF-β1 delivery strategies have a marked affect on osteogenic differentiation and require consideration when designing such a delivery system.

Previous results have indicated that this 3D environment, coupled with growth factor application, may be key in recreating an *in vitro* tissue-specific microenvironment for improving bone repair strategies. The results of the present study support the suggested that TGF-β1 is important for promoting hFOB1.19 osteoblast cell extracellular matrix production. Based on the observations in the present study following 10 days of culture, future bone tissue engineering investigations can be performed to focus on how TGF-β1 combines with the SF-CS scaffold, whether the sustained release of TGF-β1 is maintained and enhanced over longer durations, and whether the culture of different type of cells on the SF-CS-SF-CS scaffolds yield similar outcomes.

In conclusion, the results of the present study confirmed that the direct effects of TGF-β1 on osteoblast cells were an increase in the proliferation, migration, differentiation and survival of the cells. The TGF-β1-SF-CS scaffolds were biocompatible and had no negative effects on the hFOB1.19 osteoblast cells *in vitro*. The SF-CS composite material may offer potential as an ideal scaffold material for bone tissue engineering.

The current study was supported by the Science and Technology Plan Project of Liaoning Province (grant. no. 20 12-B-00002012225082).

![Cell morphology of the hFOB1.19 cells, examined under a light-inverted microscope (magnification, ×100). Cell morphology was examined following culture for (A) 1 day, hFOB1.19 exhibited a fibroblast-like, spindle-shaped morphology; (B) 3 days, the majority of the cells had become large and flattened, with a polygonal or triangular shape; (C) 6 days, the cells exhibited adequate growth and active proliferation, with an increased density observed; and (D) 18 days, mineral nodules were formed.](MMR-13-01-0181-g00){#f1-mmr-13-01-0181}

![Adhesion rate of hFOB1.19 osteoblast cells cultured with the SF-CS scaffold, TGF-β1-SF-CS scaffold and the control. Data are expressed as the mean ± standard deviation. ^\*^P\<0.05, vs. the control group; ^\#^P\<0.05, vs. previous durations of the same scaffold group. TGF, transforming growth factor; SF, silk fibroin; CS, chitosan.](MMR-13-01-0181-g01){#f2-mmr-13-01-0181}

![Scanning electron microscopy images of the hFOB1.19 cells cultured with the transforming growth factor-β1-silk fibroin-chitosan scaffold for (A) 1 day, scattered round cells had adhered to the scaffold and a large number of particles were observed on the cell surface, cell microfilaments were connected with the scaffold material; (B) 3 days, single round cells had become polygonal or triangular in shape, granular and filiform substances were observed around the cells and cell microfilaments and pseudopodia were tightly connected to the scaffold; and (C) 7 days, the cells exhibited a typical osteoblast cell morphology, and adhered tightly on the scaffold surface or inside via the formation of lamellipodia and filopodia, indicative of cell spreading. A number of cells present were observed to extend towards other cells in the culture. (D) hFOB1.19 cells cultured with the SF-CS scaffold at 7 days, fewer and more sparse attachment of cells was observed compared with the TGF-β1-SF-CS scaffolds. TGF-β1, transforming growth factor-β1; SF, silk fibroin; CS, chitosan.](MMR-13-01-0181-g02){#f3-mmr-13-01-0181}

![Cell Counting Kit-8 assay determination of the proliferation of hFOB1.19 cells. The TGF-β1-SF-CS scaffold promoted the proliferation of the hFOB1.19 cell significantly, compared with the SF-CS scaffold after 3 days. Data are expressed as the mean ± standard deviation ^\*^P\<0.05, vs. the SF-CS group; ^\#^P\<0.05, vs. the control group. TGF-β1, transforming growth factor-β1; SF, silk fibroin; CS, chitosan.](MMR-13-01-0181-g03){#f4-mmr-13-01-0181}

![Alkaline phosphatase assay of the proliferation of hFOB1.19 cells cultured with different scaffolds and the control. The TGF-β1-SF-CS scaffold promoted the proliferation of the hFOB1.19 cells significantly after 4 days, compared with the SF-CS group. Data are expressed as the mean ± standard deviation. ^\*^P\<0.05, vs. the SF-CS group; ^\#^P\<0.05, vs. the control group. TGF-β1, transforming growth factor-β1; SF, silk fibroin; CS, chitosan.](MMR-13-01-0181-g04){#f5-mmr-13-01-0181}
